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This article presents approximate formulas useful for computing antenna noise
temperature contributions due to ohmic and leakage losses of a parabolic antenna
reflector surface. The total noise temperature contributions due to ohmic and
leakage losses for the DSS 14 64-m antenna were calculated to be 0.1, 0.3, and
0.6 K at 2.295, 8.448, and 15.3 GHz, respectively.

l. Introduction

To reduce wind loading on large ground antennas
for deep space communications, the reflector surface is
usually perforated. A compromise must be made be-
tween porosity and acceptable degradation of RF per-
formance because the amount of RF energy that leaks
through the reflector surface is a function of porosity.
On the outer 47% radius of the 64-m antenna at DSS 14,
perforated panels having 51% porosity and 4.76-mm (%s
in.)-diameter holes are used as the reflective surface ma-
terial. The panels are painted with white thermal dif-
fusion paint.

Reflector surface losses that increase antenna noise
temperature are (1) ohmic losses of the metal and paint
used as the reflective surface material, and (2) leakage
loss of RF energy passing through the perforated sur-
face. Most of the energy that leaks through the surface
is absorbed by the ground environment. To obtain esti-
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mates of the noise contributions from these two types
of absorptive losses, approximate formulas have been
derived. These are presented in the following section.

iI. Theoretical Formulas

For a zenith-oriented parabolic antenna with circular
symmetry such as that shown in Fig. 1, the antenna noise
temperature is

/ / Ty (v,6)P(y,¢) sin ydyde

TA'— 27 T
/ / P(y,¢) sinydydg

(1)

where

Ty(y,¢) = effective brightness temperature function as
defined at the focal point F (Fig. 1), K

P(y,4) = power per unit solid angle radiated by the
feed or apparent feed at focal point F
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¢ = polar angle
¢ = azimuthal angle
For purposes of this study, it is convenient to let Eq. (1)

be expressed in terms of contributions from specific
sources as

T:=T,+ (AT )or + (AT )1 (2)

where

T’, = total antenna temperature when the reflec-
tor surface has no ohmic and leakage losses,
K

(AT 4)oz, = antenna noise temperature contribution due
to reflector surface chmic losses, K

(AT.)y, = antenna noise temperature contribution due
to reflector surface leakage losses, K

(AT 4)or =~ o

~<4Rs> TP/O‘“ [1— (l(ll/)][pl (¥) sec% + p: (y) cos %] sinydy

It shall be assumed that the power per unit solid angle
as radiated from the focal point is of the form (Ref. 1,
Eq. 10, p. 263)

P(y,¢) = 7}70— [| A (y) |*sin®¢ -+ | B, (y) |? cos?¢]
(3)

where
| A1 (¢) | = E-plane amplitude pattern
| B: () | = H-plane amplitude pattern

70 = free space wave impedance

After substitutions of Eq. (3) and the appropriate
brightness temperature functions into Eq. (1) and inte-
grations with respect to ¢, it can be shown that

and

/¢ T o) L) 0) pr(9) + £, (9) pal)] sin ydly

1

(ATA)LL - T
ﬁ [p(y) + ps(y)] sin ydy
(5)

where (AT 1)o, and (AT )., were defined in Eq. (2) and

Ay) |*
pily) = l A, (0)
Bi(y) |?
p(y) = A0)
Tpr = physical temperature of the reflector sur-
face, K

Ry = surface resistivity of the reflector surface
material, ohms/square. It is a function of fre-
quency and electrical conductivity (Ref. 2).

a(y) = porosity of the reflector surface, ratio

T(y) = effective ground noise temperature function
(Ref. 3, Eq. 21, p. 210)
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ﬁ " pa(9) + paly)] sin ydy

ty(¢) = leakage power loss ratio for an incident wave
polarized with the E-field in the plane of
incidence

t,(y) = leakage power loss ratio for an incident wave
polarized with the E-field normal to the
plane of incidence

Y1, ¢x = polar angles defining boundaries of the solid
and perforated reflector surface regions, re-
spectively (Fig. 1)

For example, y, = 34.8° and y; = 61.1° for the 64-m
antenna and

a(y) =0
a(y) = 0.51 in the region 34.8° < y < 61.1°

in the region 0 <y < 34.8°

Referring to the geometry of Fig. 1, for a parabolic an-
tenna whose surface is perforated periodically with cir-
cular holes (Ref. 4),

0~ aseod e (- Tmer)  ©
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where d is the hole diameter, A, is the free space wave-
length, and ¢ is the thickness of the metallic perforated
surface material.

Ill. Numerical Results

Table 1 is a summary of computations of Egs. (4) and
(5) for the reflector surface of the 64-m antenna at
DSS 14. For these” computations, it was assumed that
pi(y) and p.(y) are identical power patterns. This as-
sumption is valid for the circularly polarized wave case
or is approximately valid for the case where a dual-mode
horn is the primary Cassegrainian feed operating in a
linearly polarized mode. Numerical integrations were
performed through the use of a computer program writ-
ten by T. Cullen. The necessary illumination power
pattern data for the 64-m antenna main reflector surface
at various microwave frequencies was furnished by the
Antenna and Propagation Group of the Communications
Elements Research Section.

For the data in Table 1, it was assumed that the re-
flector surface is aluminum (1.75 X 107 mhos/m electrical
conductivity) and is painted with 0.05-mm (0.002-in.)-
thick VITA-VAR No. 15966 white thermal diffusion paint.

The total electrical conductivity of the painted aluminum
surface was reported to be 0.461 X 10° mhos/m (Ref. 5).
Porosity, hole size, and plate-thickness data on the per-
forated surface material are given in Ref. 6. Additional
parameters assumed were a reflector surface physical
temperature of 283 K; a ground surface air temperature
of 10°C (50°F); relative humidity of 60%; and ground
electrical dielectric constant and electrical conductivity
equal to 3.0 and 0.01 mhos/m, respectively.

Based on the described operating conditions, the total
additional noise contributions to antenna temperature
due to ohmic and leakage losses of the 64-m reflector
surface are computed to be 0.1, 0.3, and 0.6 K at 2.295,
8.448, and 15.3 GHz, respectively. Due to increasing
inaccuracies of Egs. (6) and (7) as d/\, approaches unity,
the noise temperature computed for 15.3 GHz could be
too low by as much as 0.4 X.

IV. Conclusions

Formulas have been presented for purposes of calcu-
lating noise temperature contributions due to RF porosity
and metallic surface resistivity. The formulas are approxi-
mate but should prove useful for studying the effect of
paint on the reflector surface or the effect of using a
lossy metal, such as stainless steel, for the reflector sur-
face material.
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Table 1. Summary of zenith antenna noise temperature
contributions due to ohmic and leakage losses for
64-m antenna

Solid portion,® K Perforated portion,” K
Addi- Addi- | Leak
Fre- | Alumi- o 'I Alumi- | 'I e :’e
| L ] ] a an
quency, num - num i ond Total,
GHz ohmic peal N ohmic pai . grov K
ohmic ohmic absorp-
loss loss
loss loss tion

2.295 0.033 0.032 0.015 0.014 0.008 0.102
8.448 0.063 0.060 0.029 0.027 0.113 0.292
15.3 0.085 0.080 0.037 0.036 0.374° | 0.612

35olid portion 0 < ¥ < 34.8°,
Pperforated portion 34.8° <y < 61.1°

°Could be factor of 2 too small due to increasing inaccuracy of Egs. (6)
and {7) when hole diameter is not small compared to wavelength,
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Fig. 1. Two-dimensional geometry of zenith-oriented
parabolic antenna with feed (or apparent feed) located
at the focal point
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